can be initiated only during the depolarization phases of the control potentials (3, 17, 18, 19, 20, 32, 43) . The control activity is myogenic ; it originates in the longitudinal muscle layer (4, 5, 2 1, 36) and spreads electronically to the circular muscle layer (6, 8, 36) .
Studies on the ionic mechanisms of the intestinal control potential led to the development of three hypotheses. The first is the oscillating electrogenic Na-pump hypothesis originally proposed by Daniel (15, 16) and presently supported by a voltage clamp study (54) . This hypothesis suggests that the control potential results from turning off (depolarization) and on (repolarization) of an electrogenic Na pump. The second hypothesis (33) attributes the control potential depolarization to an increase in Na permeability (PNB) and repolarization to increased electrogenic Na pumping.
The third hypothesis is the oscillating Na permeability hypothesis (34). According to this hypothesis a buildup in ATP concentration at the membrane "turns on" an increase in P Na which leads to the depolarization phase of the control potential and increases the inward leak of Na ions. The increase in intracellular Na coincident with a high level of ATP stimulates the Na pump. The pump depletes ATP to subthreshold values again, the increase in P Na is turned off, and the membrane repolarizes. In our studies on the configuration of the intracellularly recorded control potential (24), we observed that in the majority of cells, the control potential consisted of a depolarization phase, a plateau, and a repolarization phase. Some cells, however, exhibited control potentials which persistently had a small "notch" of l-4 mV early in their plateau phases. The possibility that notching may be a mechanical or an electrical artifact has been excluded. We concluded that the control potential may consist of two components, an "initial" and a "secondary" depolarization, which may or may not be separated by a notch, depending on the temporal relation of the processes underlying them. In expressing membrane potential changes, depolarization and hyperpolarization were referred to as decrease and increase in the membrane potential, respectively.
RESULTS
Relation of control activity to electrogenic sodium jh,mi$l. We have presented evidence that the sodium pump in the longitudinal smooth muscle cells of rabbit jejunum can be electrogenic (25) . To establish the relationship between intestinal control potentials and the activity of this pump, we studied the effects of inhibition and stimulation of the electrical activity of this tissue. Inhibition of the Na pump by 1 X 10-G M ouabain (Fig. 1) , withdrawal of external K (Fig. Z) , replacement of Na by Li (Fig. 3) , 1 X 10m4 M 2,4-dinitrophenol (DNP), or by cooling below 18°C reversibly abolished the control activity and depolarized the cell membrane. The magnitude of the membrane depolarization varied with time and the type of treatment.
The most significant value of the membrane potential under conditions of Na-pump inhibition is that at which the disappearance of the control potentials was first observed. Fig. 5 , B, C, and D. Although quantitation of the rates of depolarization and repolarization of these small control potentials was difficult, it appeared that the rate of depolarization was somewhat slower than, while the rate of repolarization was similar to that of the control potentials recorded from normal tissues (compare insets b, c, d, and e in Fig. 5 ).
In the penetrations where they could be measured (5 min after K admission), the depolarization time (time from onset to peak depolarization) was 234. Na. This in turn would also inhibit the Na pump (for review, see refs. 10, 46) . It is therefore difhcult to assess whether the cessation of electrical control activity in the absence of Na was the result of Na-pump inhibition or indicative of the participation of a passive Na-conductance change in the control potential generation; also there are no cations that have been shown in intestinal muscle to replace Na in activating the pump but not to utilize the Na-conductance channels. Nevertheless, as mentioned in the last section, substitution of Li for Na (Na-free solution)
and 2. A4embrane potentials of rabbit jejunal smooth muscle cells at the time electrical control activity first disappeared, and 40 min following Na-pump inhibition The effects of K omission were described in the previous section, since they were probably attributable to inhibition of the Na pump.
The omission of external calcium from the bathing solution (9 tissues) decreased the maximum resting membrane potential to a value of -38.7 k 0.6 mV (29 penetrations in 9 tissues). The membrane depolarization was accompanied by a progressive but rapid decrease in the control potential amplitude and both the rates of depolarization and repolarization (Fig. 8B ). The electrical control activity completely disappeared within 10 min after calcium withdrawal (Fig. 8, C and D) . The response activity 
10. (Fig. SC) .
Anionic dependence of electrical control activiv. The dependence of the intestinal control potential on the external anionic content was investigated by studying the effects of solutions in which NaCl and KC1 were replaced by salts of Na and K, the anionic components of which were expected to be either less ( (Fig. 11, A, B, and C) This effect may have been the consequence of reduction in the external Cl concentration (see below). The cessation of the electrical control activity upon reducing the Na concentration below 20 mM has previously been interpreted in the light of the oscillating pump hypothesis as being due to Na-pump inhibition in these media (15, 16, 37) . H owever, an alternative interpretation is that the control potential depolarization results from an inward Na current, i.e., from an increase in Na permeability. The earlier interpretation is inconsistent with the effects of inhibition and stimulation of the Na pump, whereas the latter suggestion is supported by the finding that the control potential depolarization was associated with a transient increase in Na influx and not a decrease in Na efflux (33). Furthermore, it has recently been demonstrated that the control potential is electrically excitable (45, 47) and that its amplitude increases upon hyperpolarization and decreases upon depolarization (54) . While these properties cannot be explained in terms of the oscillating pump hypothesis since it has not been demonstrated that the short electrical pulse capable of triggering a control potential can turn off the electrogenic Na pump, they are predictable if the initial event in the control potential was an increase in PNB . Furthermore, some studies (38) demonstrated that the pump activity is not dependent on the membrane voltage. The dependence of the intestinal control potential on external calcium has been a controversial subject. Tamai and Prosser (48) found that lowering the external Ca to 10 % of its normal value seriously depressed the control activity and depolarized the membrane, while Liu, Prosser, and Job (37) reported that the control potentials "continued with unaltered amplitude although the rate of rise and fall of potential were less than normal." In the present study, Ca omission consistently decreased the rate of rise and fall of the control potentials then abolished them within a few minutes.
This effect was accompanied by some 180mV depolarization.
Upon Ca readmission, the reappearance of the control potentials usually preceded the membrane repolarization.
This pattern of recovery suggests that the cessation of control activity upon Ca withdrawal may not be a consequence of membrane depolarization but may reflect a dependence of the control activity on external calcium.
Our finding that the control activity persisted after all response (spike) and mechanical activity were stopped by verapamil suggests that calcium ions may not have a current-carrying function in the generation of the control potential and led us to conclude that the inward Na current suggested as responsible for the control potential generation may be dependent on the presence of external calcium.
Alternatively, the triggering mechanism for the control potential may be Ca dependent. At variance with previous reports (16, 37) In guinea-pig taenia coli, Cl replacement by less permeant anions increases the resting membrane resistance (41). It is conceivable that a similar effect also occurred in our tissues Such effect, if it occurred, would have to cause an increase in the size of the control potentials were they due to oscillations in the electrogenic Na-pump current (44, 5 1). Such an increase in the control potential amplitude was never observed in this study.
It is also interesting to mention at this point that voltage- 
